We study the neutrino-photon processes like γγ → νν in the presence of uniform external magnetic field for the case when neutrinos can couple to the electromagnetic field directly through their dipole magnetic moment and obtain the stellar energy loss. The process would be of special relevance in astrophysical situations where standard left-handed neutrinos are trapped and the right handed neutrinos produced through the spin flip interaction induced by neutrino magnetic moment alone can freely stream out.
Photon-neutrino interactions are of interest in the astrophysical and cosmological environment. Neutrino pair production through γγ → νν would provide energy loss mechanism in stellar bodies and its reverse process νν → γγ and the neutrino photon scattering γν → γν would be important in stellar evolution. The scattering process may also be important for studying photon and neutrino propagation over intergalactic distances. The amplitude for any of these processes is however, known to be highly suppressed [1] [2] [3] because of the vector-axial vector nature of weak interactions and the fact that the photons cannot couple to J=1 state (Yang's theorem [4] ). In the four fermion limit of the weak interactions, the amplitude is exactly zero for massless neutrinos [5] and is suppressed by an additional factor of
The resulting cross-sections are therefore exceedingly small and are unlikely to be of any importance in astrophysics. The process γγ → νν, when neutrinos are massive or when they have more general interactions, has also been discussed in the litrature [9] but there does not seem to be any scenario where this process can be of astrophysical interest. Three photon coupling to neutrinos however, does not suffer from these suppressions and it has been shown recently by Dicus and Repko [10] that inelastic processes like γγ → ννγ 
and the magnetic moment interaction of the neutrino with electromagnetic field given by
Now replacing one of the photon field tensors f µν in (1) by the external magnetic field tensor F µν and attaching the neutrino tensor current in (2) to another photon field tensor and taking all distinct permutations, we get as in [13] 
where q is the four momentum carried by the neutrino pair, m γ is the plasmon mass which depends on the state of the plasma and µ ν is the neutrino magnetic dipole moment The neutrino tensor N µν is given by
The amplitude for the process γγ → νν can be written down by using (3) and (4) and the cross-section averaged over the polarisations of the incoming photons can be evaluated in a straight forward way.
After a long and involved calculations we get
The cross-section can be estimated in the c.m.frame and by considering the magnetic field in the z-direction say
where µ ν = µ 10 10 −10 µ B with µ B = e 2m e and w is the photon energy. The energy loss from a magnetised star can now be obtained in a straight forward manner by using the expression
In the range of validity of the effective action approach used above the plasmon effects are negligible and can be dropped. In this approximation we get
where T shown that for temperatures ∼ 10 11 K, the effective action approach overestimates the rates by several orders of magnitude. Clearly a more careful analysis is required to study the photon-neutrino interaction processes in the magnetised supernova environment and is being undertaken.
